Rainfed smallholder agriculture in semi-arid environments of sub-Saharan Africa faces many challenges. Productivity of the smallholder agricultural systems has been on the decline in recent years. Conservation agriculture practices have a potential of steering the smallholder agricultural systems of sub-Saharan Africa to greater and more sustainable levels. This study was designed to calibrate the APSIM model so that it could be used as a tool for understanding the long term impact of conservation agriculture techniques (mulching, tine ripping and planting basins) on the productivity of smallholder systems under semi-arid conditions. The APSIM model predicted reasonably well the seasonal and mulching effects on maize production on sand and clay soils. Under these semi-arid conditions the use of 10 kg·N·ha -1 is preferable under both conventional and basin tillage systems. Planting basins offer a better chance of getting maize grain yield than the conventional system in southern Zimbabwe at N quantities ranging from 0 kg·ha -1 to 52 kg·ha -1
INTRODUCTION
Conservation agriculture has the potential to steer the productivity of smallholder systems to greater levels.
The advent of conservation agriculture tillage techniques such as planting basins brought a ray of hope to smallholder farmers in the semi-arid regions of sub-Saharan Africa [1] . The planting basin tillage system being promoted throughout Zimbabwe enables farmers to prepare land early, spread the limited farm labour and plant on time with respect to the effective planting rain [2, 3] . The planting basins dug by hand in a grid of 0.9 m x 0.6 m spacing harvest rainwater and reduce surface runoff from cropping fields [4] , increase crop yields substantially [2, 5] .
Although planting basins have been in use on smallholder farms for less than 10 growing seasons, the use of simulation modeling can help understand the long-term impact of the tillage system under semi-arid conditions. The Agricultural Production Simulator Model (APSIM), a deterministic and process based model, has been used for simulating crop production in smallholder cropping systems. The APSIM model has performed well in predicting crop production and its interaction with climate, soil and management factors [6] . In smallholder farming systems, APSIM has been used with success to simulate nitrogen (N) dynamics of manure inputs [7] , maize response to N [8] , water use efficiency [9] , and N and water dynamics in cereal-legume rotations [10] . However, no description of the effects reduced tillage systems (ripper tine and planting basin tillage systems) and mulch, which are the corner stone of conservation agriculture, on crop yields and soil water dynamics has been reported in any of the previous studies.
This study was designed to evaluate the capability of APSIM cropping systems model (version 6.0) to simulate maize (Zea mays L.) yield responses to different rainfall seasons, mulch levels and three tillage systems on two soil types, Soil 1 was a granitic sand (Eutric arenosol) and Soil 2 a clay (Chromic-Leptic cambisol) [11] . Data obtained from on-station experiments [5, 12] were used to verify the model performance. The validated APSIM model was then used to assess the long term interaction effects of N and two tillage systems, conventional ploughing and planting basins, on maize yield and selected components of the soil water balance for a granitic sand soil under the semi-arid conditions of southern Zimbabwe. The specific objectives were 1) to evaluate APSIM capability in predicting the seasonal and mulching effects on maize grain and total biomass yields and 2) to use the validated APSIM model to assess the long term interaction effects of N fertilizer, and conventional and planting basin tillage systems on maize yields.
MATERIALS AND METHODS

Experimental Sites
The experiment was run at the International Crops Research Institute for Semi-Arid Tropics (ICRISAT), Matopos Research Station from 2004/05 through to the 2007/08 cropping seasons on two soil types, a clay and a granitic sand. The clay soil is located at the main Matopos experimental site (28˚30′E, 20˚23′S, and 1344 m above sea level) and is classified as a shallow siallitic soil (4E.1) and Chromic-Leptic Cambisol according to the Zimbabwean and FAO systems respectively [11] . The internal drainage of Matopos clay soil indicates saturation for short periods during the rainy season and external drainage is characterized by slow runoff [11] . The granitic sand is located at the Lucydale experimental site (28˚24′E, 20˚25′S, and 1378 m above sea level) and is classified in the Zimbabwean system as moderately deep to deep well-drained fersiallitic soil (5G.2). This is classified as Eutric Arenosol [13] . Internal drainage of Lucydale sand is rapid to very rapid and external drainage is characterized by slow runoff [11] . The chemical and physical properties of the two soil types have been described by [5] . Matopos Research Station receives annual rainfall ranging between 450 and 650 mm with a long-term average rainfall 573 mm.
Summary of the Field Experiment
The experiment was set up with a factorial treatment structure consisting of three tillage methods (conventional ploughing, ripping and planting basins) and seven rates of mulch cover (0, 0.5, 1, 2, 4, 8 and 10 t·ha -1 ). The treatments were arranged in a split-plot design with three replications at each field location. The main plot factor was tillage (63 m  6 m) and seven mulch levels were randomly allocated in sub-plots (8 m  6 m) on each tillage treatment. Basins were dug at 0.9 m  0.6 m spacing using a hand hoe and each basin measured 0.15 m (length)  0.15 m (width)  0.15 m (depth). Rip lines were opened at 0.9 m inter-row spacing using a commercially available ripper tine (Zim Plow type) attached to the beam of a donkey-drawn mouldboard plough (VS 100). The ripping depth achieved on both soils, with a single pass of the implement, varied between 0.15 and 0.18 m. Cattle manure (8% organic carbon, 0.32% N) was applied in October each year at a rate of 3 t·ha -1 in all plots as basal soil fertility amendment. Conventional ploughing was done soon after the first effective rain (30 to 50 mm) in December each year using a donkey-drawn VS 100 mouldboard plough. Ammonium nitrate (34.5% N) was applied to all plots at 20 kg·N·ha -1 as topdressing six weeks after planting. The Lucydale soil parameters were adapted from [14] and [10] ( Table 2 ). The fields used by [14] and [10] were adjacent to our experimental field NH  ). Soil water was reset to zero on the first of July each year while N was reset to 25 kg·ha -1 on the same date. Soil organic matter was not reset every first of July to allow for accumulation of organic matter in the soil. It was assumed that the 3 t·ha -1 of manure used in our experiment supplied 9.6 kg·N·ha -1
Set up of the Model
. Runoff curve number for bare soil across the three tillage treatments was set at 80 because the tillage techniques created surface roughness of varying degrees. For the conventional plough and ripper tillage systems the curve number was adjusted downwards by 10 units which were lost after 50 mm of rainfall, so it then reverted to 80. For the planting basins the curve number was adjusted downwards by 20 units which were lost after 250 mm of rainfall was received.
The C:N ratio of mulching material was set at 60 (0.67% N) and a 10% incorporation of the mulching material in the CP system was assumed. For the planting basins and ripper tillage systems a 0% incorporation of the mulching material was assumed. The C:N ratio of all soils was set at 0.15. The first and second stage evaporation coefficients were set at 3 and 6 mm·day -0.5 for the heavy textured Matopos soil, and 1 and 6 mm·day -0.5 for the light textured Lucydale soil.
Daily rainfall, temperature and radiation data were collected from Matopos Research Station weather station which is located 3 km from Matopos experimental site and up to 10 km from the Lucydale site. The three varieties are drought tolerant, have similar duration and are recommended for semi-arid areas of Zimbabwe. Hence APSIM crop parameters for SC401 were selected to describe both SC403 and ZM421 used in the study.
Long Term Simulation
The long term simulation was run using soil properties of the Lucydale granitic sandy soil. The 52 kg·N·ha -1 is the national recommendation for smallholder cropping systems of Zimbabwe [15] so it was included to provide a comparison with what may be considered as providing optimal yields under semi-arid conditions. Topdressing with ammonium nitrate (34.5% N) was done at 40 days after sowing in both tillage systems. A sowing window stretching from 20 November to 31 December and a plant density of 3.0 plants per m 2 were used for the 69 year simulation.
Reporting Frequency
For the on-station experiments the model was set to report selected variables on a daily time step. The reported variables for the on-station experiments were total biomass and grain yield, soil water content in the 0 -0.25 m layer, surface runoff and deep drainage. Total biomass and grain yields were reported at 0% moisture content and are compared to observed yields at this moisture content. In the long term simulation the model was set up to report variables at harvest stage of the maize crop. In the long term simulation the reported variables were grain yield, pre-sowing and in-crop surface runoff, and in-crop deep drainage.
The root mean square deviation (RMSD) and modeling efficiency (ME) values were calculated for comparison of observed and predicted data. The RMSD was calculated as follows:
where x i is the observed yield or soil water content, y i is the predicted yield or soil water content and n is the number of observations. Modeling Efficiency (ME) was calculated as follows:
where Pi and O are predicted and observed values respectively, Ō is observed mean value [15] .
RESULTS AND DISCUSSION
The (Figure 1) . The model below predicted grain production at 8 and 10 t·ha -1 mulch cover in the same seasons. In the 2007/08 season the model under predicted grain production at low mulch levels (<4 t·ha -1 ) while over predicting it at 8 and 10 t·ha -1 (Figure 1) . For the wetter 2005/06 season the model under predicted rain production and indicated a decrease in yield g with increase in mulch cover on the clay soil (Figure 1) . This is in contrast to what was observed in the field experiment at Matopos [5, 12] . The modeling results suggest that mulch cover could have promoted immobilization of N given the better supply of soil water during the 2005/06 season. To be able to decompose the maize residue mulch soil micro-organisms need energy and therefore out-compete the maize plants in extracting soil N.
The 29.6 kg·N·ha -1 was probably not enough to meet microbial and crop requirements thereby resulting in inadequate N supply to the maize crop and thus a lower predicted yield at higher mulch levels. Yellowing of maize foliage indicating N deficiency was observed at 8 and 10 t·ha -1 mulch level particularly at the Matopos experimental site resulting in lower yield being achieved at 8 t·ha -1 mulch (Figure 1) .
The model under predicted maize biomass production at higher mulch levels during the relatively wet 2005/06 growing season at Matopos (Figure 2) . In the 2007/08 season the model predicted an increase in biomass yield with higher mulch cover at Matopos (Figure 2) . The model is probably indicating soil water benefits derived from mulching in 2007/08 season that was characterized by an abrupt end of rain in January 2008. The model is indicating that higher mulch cover conserve soil water allowing the maize crop to reach maturity. However, observed maize yield data did not show any significant influence of mulch cover on either the total biomass or grain yields in the 2007/08 season. The lack of yield response to mulching in the 2007/08 season could be attributed to the fact that some experimental plots were waterlogged between the end of December 2007 and mid-January 2008. This was observed at higher mulch levels (>2 t·ha -1 ) particularly in the planting basin and ripper tillage systems. Waterlogging promotes poor soil aeration and uptake of nutrients by plant roots [16] . -1 had been applied. An estimated 30% -40% mulch cover would be remaining in the 8 and 10 t·ha -1 treatments. Degradation of the mulching material could have been driven by termites which, unlike soil micro-organisms, do not need to take up N from the soil in order to degrade the plant residues [17] . Maize residue, with a C:N ratio averaging 52 [18] , decomposes fast when conditions of drivers of decomposition such as rainfall, temperature and soil microorganisms are ideal [19] . The APSIM model predicted a decrease in biomass yield with increase in mulch cover in the 2005/06 growing season (Figure 4 ). This suggests a suppression of biomass production owing to N immobilization as some maize residues carried over from the 2004/05 season were still being decomposed during the 2005/06 growing season.
The basin system has higher chances of giving grain yield than the conventional system regardless of N level used in semi-arid environment of southern Zimbabwe ( Figure 5 ). There is a 48 % chance of getting grain yield without N fertilizer in the basin system compared with 31% in the conventional system. At 10 kg·N·ha -1 the chances of getting higher grain yield from the basin system than the conventional system increases to 52%. The predicted grain yield suggests that the use of 10 kg·N·ha -1 in both the conventional and planting basin systems is a good entry point for improving productivity in the cereal dominated semi-arid cropping systems of Zimbabwe ( Figure 5 ). This confirms earlier results from the wide scale promotion of inorganic fertilizer which was con ducted in semi-arid districts of Zimbabwe [20] . The chances of getting similar maize yields from the conventional and basin tillage systems increase at N application levels greater than the microdosing rate (10 kg·N·ha -1 ).
CONCLUSIONS
The APSIM model was used in this study to predict the observed crop yield and give a long term impact of the planting basin system and N fertilizer on maize yield. For most of the seasons there was reasonable agreement between observed and predicted maize yield data sets for the Matopos (clay soil) and Lucydale (sandy soil) experimental sites. Maize yield under 4 -10 t·ha -1 mulch treatments could be suppressed in relatively wet seasons as result of inadequate N supply. This suggests that more N has to be applied in growing seasons with above average rainfall. Smallholder farmers need to get the seasonal climate forecasts well in time so that they can acquire adequate inorganic fertilizer for the wetter seasons. Long term simulations showed that maize productivity in both the conventional and planting basin tillage systems under semi-arid conditions can be improved substantially through addition of N. The predicted maize yield indicated that 0, 10, 20 and 52 kg·N·ha -1 give no significant yield differences below 1250 kg·ha -1 regardless of the tillage system used under these semi-arid conditions. The use of 10 kg·N·ha -1 is more favourable in both the conventional and planting basin tillage systems under semi-arid conditions because there are better chances of getting grain yield with the use of 10 kg·N·ha -1 in both tillage systems. It is less risky to use 10, 20 and 52 kg·N·ha -1 in the planting basin system than the conventional system under the semi-arid conditions of southern Zimbabwe.
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